, and putative extracellular, transmembrane, and internal peptide were shown to recognize the AChEassociated 20 kDa protein (Perrier et al., 2000) . With cytoplasmic domains. PRiMA contains two putative O-glycosylation sites (S74 and T81) and a putative N-glycothese peptides as a query, we performed a tblastn search and found a human genomic sequence consylation site (N79), in agreement with the fact that the 20 kDa anchor protein is N glycosylated (Boschetti and taining the N-terminal but not the internal peptide sequence. With primers designed from this genomic seBrodbeck, 1996). The absence of the internal peptide sequence in the quence ( Figure 1A) , we generated partial mouse cDNA clones by 5Ј and 3Ј RACE (Frohman, 1993). As a temmouse cDNA does not result from alternative splicing (see below); in fact, it appears likely that this chemically plate, we used mRNA from differentiated N18TG2 neuroblastoma cells, which express the membrane-bound tetdetermined sequence results from a combination of two different tryptic peptides of PRiMA (doubly underlined sequences in Figure 1B ). To examine more directly the relationship between PRiMA and AChE in the mammalian brain, we generated an immune serum against a GST fusion protein containing the C terminus of PRiMA and performed Western blots with purified brain AChE. Protein staining of a reduced sample on SDS-polyacrylamide gel ( Figure 1D , lane 1) showed a major band corresponding to the AChE catalytic subunit ‫07ف(‬ kDa). Anti-PRiMA antibodies revealed mostly a diffuse band around 20 kDa ( Figure 1D , lane 2) and also a weak 90 kDa band, indicating that the corresponding complex contained PRiMA. Without reduction ( Figure 1D, lane 3) , the 20 kDa band was not observed, but the anti-PRiMA antiserum reacted with several bands corresponding to dimers (140 kDa) and higher oligomers of AChE. This pattern is similar to that previously reported with the polyclonal antiserum G13T, which recognizes the P subunit (Perrier et al., 2000) , as well as with the monoclonal antibody 132-6, which recognizes the P subunit when it is disulfide linked to AChE catalytic subunits (Liao et al., 1993a) . This demonstrates that PRiMA is a 20 kDa protein, which is associated through disulfide bonds with AChE, in bovine brain. (Figures 3Ba and 3Bb) , whereas the permeabilized cells were labeled by anti-MYC antibodies (Figure 3Bc) Taken together, these results strongly suggest that the quaternary associations of AChE T with PRiMA and with ColQ are similar; therefore, the proline-rich sequence of PRiMA is a novel PRAD that interacts with four C-terminal domains (WAT domains) of AChE.
PRiMA but Not mCutA Anchors AChE on the Surface of Neuroblastoma Cells
We used neuroblastoma cells N18TG2 to examine the targeting of AChE to the cell surface. During exponential growth or stationary phase in the presence of serum (undifferentiated cells), we were unable to detect the presence of AChE at the cell surface by immunostaining (Figures 5Bb and 5Bc) . These results respectively. These peaks were markedly decreased after immunodepletion with the anti-PRiMA serum but indicate that PRiMA is a limiting factor for localization of AChE at the cell surface. not with the preimmune serum (Figure 6 ), whereas the monomeric species (around 4S) were not depleted by The "mCutA antisense" cell line, obtained by stable expression of an antisense mCutA construct in N18TG2, the anti-PRiMA antiserum. These experiments demonstrate that PRiMA is associated with most AChE tetradid not expose AChE to the cell surface after differentiation (Figure 5Ca) , and the level of amphiphilic tetramer mers in detergent extracts from mouse brain and with most AChE and BChE tetramers in detergent extracts was decreased (Perrier et al., 2000) . When these cells were transfected with PRiMA and AChE T , they showed from skeletal muscle. a high level of AChE on the surface (Figure 5Cb) 
(WAT). Although disulfide bonds
pus oocytes can produce tetramers that are soluble in are not required for the binding of AChE subunits to the medium and not anchored at the cell surface. These PRiMA, SDS-PAGE analysis of nonreduced membranetetramers are also contained in intracellular compartbound AChE tetramers showed that the 20 kDa anchor ments so that their solubilization in cell extracts is imis associated with monomers, dimers, trimers, and tetraproved with detergent; in addition, these tetramers may mers (Liao et al., 1993b) . In fact, the extracellular interact with detergent micelles and are therefore classi-N-terminal domain of PRiMA, upstream of the PRAD, fied as amphiphilic tetramers (Bon and Massoulié , 1997). contains four cysteine residues that may form disulfide However, they are not exposed at the cell surface. Thus, bonds with the C-terminal cysteine of AChE T (Roberts contrary to a frequent misconception, the amphiphilic et al., 1991), in the same way as two cysteine residues character of cholinesterase tetramers does not necesof ColQ are linked to an AChE dimer. sary imply that they are anchored in cell membranes; similarly, Xenopus oocytes produce AChE T monomers mCutA Is Not Primarily Involved in the Anchoring which are amphiphilic (Figure 4Aa ) but not exposed to of AChE in the Membrane the cell surface ( Figure 2B ). In fact, only amphiphilic The properties of PRiMA clearly distinguish it from the tetramers that contain PRiMA appear to possess this protein mCutA, which was copurified with bovine brain property. We show that a large fraction of AChE and AChE: mCutA is not disulfide-bound with the catalytic BChE tetramers extracted by detergent from mouse subunit; and mCutA is not able to organize AChE or brain and muscle are associated with PRiMA. It is thereBChE tetramers or to target AChE or BChE to the cell fore likely that PRiMA alone is responsible for anchoring surface. However, our previous data suggested that cholinesterase tetramers in all plasma membranes, just mCutA is required for AChE anchoring: both the production of amphiphilic AChE tetramers and the localization of the enzyme at the surface of differentiated N18TG2 cells were suppressed by transfection with an antisense construct against mCutA (Perrier et al., 2000) . In the same cellular model, we now rescued the membrane targeting of AChE by expression of PRiMA and AChE or PRiMA alone.
We may interpret this result in different ways: (a) expression of an mCutA antisense construct may decrease the expression of PRiMA and thus impair the targeting of AChE to the cell surface so that it is restored by overexpression of PriMA; (b) mCutA may help the interaction of AChE and PRiMA; the presence of mCutA Samples of detergent extracts containing similar AChE activities Reverse transcription of 1 g of total RNA extracted from differen-‫006ف(‬ mDO/min) were incubated for 2 hr at 4ЊC with immune or tiated and undifferentiated N18TG2 cells were performed using Ompreimmune serum (dilution 1:50). Then, 50 l of washed Protein-G niscript reverse transcriptase (Qiagen) for 1 hr at 37ЊC using a agarose gel (Sigma) was added and incubated for 1 hr at 4ЊC. After PRiMA-specific primer. 1/2500 of these reactions were used to ama short centrifugation (5 min at 11,000 ϫ g), the supernatants were plify the sequence corresponding to a 233 base pairs long coding loaded on sucrose gradients for sedimentation analyses. Because sequence of PRiMA by PCR (30 cycles). The amplified products the rabbit serum contains AChE and BChE activity, the profiles were were analyzed on 2% agarose gel.
subtracted from those obtained from parallel analyses with serum alone. 
Cell Cultures

Cell Surface Labeling Transfections
Transfected and control cells were cultured for 1 day (undifferenti-N18TG2 cells were transfected in 60 mm culture wells with 0.5 ated N18TG2), 4-5 days (differentiated N18TG2), or 2 days (COS) g of each DNA and 5 l of Fugene 6 (Roche) according to the on cover slides coated with 10 g/ml poly-L-ornithine in PBS at 37ЊC manufacturer's instructions. COS cells were transfected with 3-5 for 48 hr. The slides were washed in PBS and were then incubated for g of each DNA as previously described (Bon and .
15 min at room temperature in a serum-free blocking solution For stable transfection with PRiMA antisense cDNA, N18TG2 cul-(DAKO). For fasciculin staining, the samples were incubated for 1 tures were transfected with 1 g of pAMIRP-IRES2-GFP (antisense hr at room temperature with rhodaminated-fasciculin (1 g/ml) in vector) or 1 g of pIRES2-GFP (control) using 3 l of Fugene 6
Tris-buffered saline containing 0.3% bovine serum albumin. After transfection reagent (Roche). Stably transfected clones were sewashing, the slides were mounted in a glycine-containing solution lected with 500 g/ml Geneticin for ‫02ف‬ days and visually checked (Fluoprep, Biomé rieux, France). Rhodaminated-fasciculin was prefor expression of GFP. 
